Background Households in dual reticulation developments are supplied with recycled water from sewage effluent for some non-potable purposes, and conventional tap water for other uses. Adverse health effects from recycled water exposure are considered unlikely; however, no epidemiological studies have been undertaken to assess the public health impact of such exposures.
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Methods
We compared the health status of residents of a dual reticulation housing development with residents of an adjacent conventional water supply area by assessing consultation rates with primary-care physicians for three conditions considered plausibly related to recycled water exposure (gastroenteritis, respiratory complaints and dermal complaints), and two conditions considered unrelated to water exposures (urinary tract infections and musculoskeletal complaints).
Results
We found little difference in the overall number of medical consultations per person, or in consultation rates for specific disease conditions between residents of the two water supply areas, after adjustment for demographic differences. Slight elevations in odds ratios (ORs) for dermal and respiratory consultations were observed, but seasonal patterns were not consistent with recycled water exposures.
Introduction
Water shortages are leading many countries to explore a dual reticulation model for water supplies where households receive recycled water, derived from sewage, for toilet flushing and outdoor use and conventional potable-quality water for other uses. Exposure of residents to recycled water may occur by accidental ingestion of water or airborne droplets, inhalation of respirable aerosols or dermal contact. Pathogenic microorganisms, chemicals or bacterial endotoxins might cause symptoms of gastroenteritis, respiratory symptoms or dermal symptoms in exposed people if water treatment is inadequate. Recycled water in Australian dual reticulation schemes is highly treated, and adverse health effects are predicted to be below the limit of detection for epidemiological studies. However, such predictions do not take account of exposures that may occur if householders use recycled water for unintended purposes. Nearly 16% of pool owners in a dual reticulation housing development in Sydney, Australia, use recycled water in swimming pools, against the advice of the water supply company. 1 Levels of ingestion and dermal exposure likely are therefore higher than were assumed when water-treatment requirements were established. We conducted an epidemiological study comparing the health status of residents from the dual reticulation area and residents of a nearby conventional water supply area by assessing the reasons why they consulted local primary-care physicians. We examined three conditions plausibly related to residual pathogens or bacterial endotoxins in recycled water (gastroenteritis, respiratory complaints and dermal complaints), and two conditions considered unrelated to water exposures [urinary tract infections (UTIs) and musculoskeletal complaints].
Methods
The study area The study area comprised suburbs served by the Rouse Hill Recycled Water Scheme and adjacent suburbs served by a conventional potable water supply in Sydney, Australia. The dual reticulation area is defined by two postcode zones. Microbial quality requirements for recycled water under relevant state regulations 2 were: fecal coliforms <1 in 100 ml, coliforms <10 in 100 ml (in 95% of samples), viruses <2 in 50 l and parasites (protozoa) <1 in 50 l. Watertreatment processes have been previously described. 3 Recycled water was supplied throughout the study period with no significant interruptions in supply.
Access to patient records
Primary health-care services in Australia are predominantly delivered by doctors known as 'general practitioners' who operate independent small businesses. Most 'general practices (GPs)' are affiliated with a local Division of General Practice, a federal government-funded network supporting delivery of improved health outcomes. This study was carried out in partnership with the Hawkesbury-Hills Division of General Practice (HHDGP), which covers the Rouse Hill area. Ethical approval for the study was granted by the Monash University Standing Committee on Ethics in Research Involving Humans (Project CF07/0593 -2007/0159ED). Approval to access identifiable information held by GPs without individual patient consent was granted in compliance with Section 95A of the Commonwealth of Australia Privacy Act 1988. 4 Data collection HHDGP recruited GPs serving patients from both water supply areas. Patient records for the period January 2005 to December 2006 were examined, and for each patient one medical consultation was selected at random and the reason(s) for the consultation were recorded. Age, gender, residential postcode and total number of consultations for each patient were also recorded. Where possible, membership of households (inferred from common surname and address) was noted.
Reasons for medical consultations were coded as: (i) gastroenteritis of presumed infectious origin on the basis of a physician's diagnosis, similarity to the published literature on community gastroenteritis or, rarely, laboratory tests; (ii) respiratory complaints of presumed infectious origin; (iii) dermal complaints of presumed infectious or allergic origin; (iv) musculoskeletal complaints (sprain/strain injuries and fractures); (v) UTI; (vi) other diagnosis (i.e. any medical diagnosis other than those listed above); (vii) unknown cause (i.e. patient record legible but information not sufficient to discern a medical diagnosis); or (viii) record illegible. Chronic conditions such as Crohn's disease, eczema and asthma were excluded; however, exacerbation of asthma due to presumptive upper respiratory infections was included. Where the chosen consultation record was illegible, a second consultation, or if needed, a third consultation was chosen (also at random) for coding. The completed data collection forms were scanned and data verified against the paper forms using Cardiff Teleform TM software Version 10.1.
Statistical design and analysis
Sample-size calculations estimated the number of records required to detect a 30% increase in the gastroenteritis consultation rate for dual reticulation residents with 80% power, assuming a rate of 1.56 gastroenteritis consultations per 100 consultations for conventional water supply residents. 5 Under designated assumptions, 2000 patient records per water supply area in eight practices were required (32 000 records). The assumptions were: (i) comparisons of gastroenteritis consultation rates between the two areas were to be made within each practice and then pooled; (ii) the intra-practice correlation in gastroenteritis consultations was 0.0062 [estimated from Bettering the Evaluation And Care of Health (BEACH) data] 5 ; and (iii) the variation in gastroenteritis consultation rates across practices would be the same for patients in both areas.
Data from the assessed records were used to estimate the disease condition consultation rates for each practice and each water supply area using weighting to account for the fraction of the number of consultations per patient selected, and adjusting for age and sex differences between the two water supply areas. Analyses were performed using weighted logistic regression for each practice, using age in years as linear and quadratic variables together with interaction terms with gender, and allowing for household clustering due to sampling of multiple individuals in the same household. Directly standardized disease-consultation rates for each area within each practice were computed; these represent the diseaseconsultation rates for the recycled and conventional areas in each practice as if they had the same age and same sex distribution of total consultations. These results are presented as standardized diseaseconsultation rates (per 100 consultations) with 95% confidence intervals (CIs), and the disease consultation-specific odds ratios (ORs) comparing the dual reticulation with the conventional area for each practice with 95% CIs.
An overall association measure for each diseaseconsultation condition was obtained by pooling the adjusted rates across practices following a method that analyses this paired clustered study design using a random-effects meta-analysis approach, with each practice treated as a separate 'study'. 6 Results are presented graphically using a forest plot and an overall Der-Simonian and Laird random effects pooled OR with 95% CIs. Sensitivity of the pooled OR to the results from a particular 'GP' was assessed by omitting each practice in turn and recomputing the pooled OR. Sensitivity to the form of age and sex adjustment for each practice was assessed using age as a categorical variable (<5, 5-14, 15-24, 25-44, 45-64 and 565 years), and also using fractional polynomials as a flexible modelling approach. 7 Sensitivity to individuals with a large number of consultations and hence a large weight in the analysis was assessed by truncating the maximum number of consultations at 33 (99th percentile). Results differed little across these analyses and hence all results presented are with age adjustment as linear and quadratic terms and with the original number of consultations used in the sampling weights. Inter-rater reliability was assessed at three time points during data collection (see Supplementary data available at IJE online). All analyses were conducted using Stata Version 10 ß .
Results

Data collection
Eleven GPs (designated A-K) were recruited from 15 in the target area. Due to variations in patient numbers at each practice, and in the ratio from conventional and dual reticulation areas, all available patients in the target postcodes were included. Sample-size recalculation indicated 10 practices providing on average 3300 patients per practice in a 1 : 1.5 ratio (33 000 total) would preserve 80% power to detect a relative risk of 1.3. A total of 36 028 patient records were coded, with 200 subsequently excluded due to missing data, leaving 35 828 records for analysis (14 458 from the conventional water supply area and 21 370 from the dual reticulation area). This data set comprised one randomly selected medical consultation from every patient who consulted a doctor at a participating GP on at least one occasion from 1 January 2005 to 31 December 2006. For 97.6% of patients, the first randomly selected consultation was scored.
Characteristics of patients and GPs
The mean age of patients from the conventional water supply area was slightly higher than the dual reticulation area (33.1 vs 28.4 years, P ¼ 0.01) and the proportion of children <15 years was lower (23 vs 32%, P ¼ 0.001). The number of individual patient consultations ranged from 1 to 122, with a median of three consultations in both areas. There was little difference in the median age-and gender-adjusted number of consultations (3.0 vs 2.5 consultations per person for dual reticulation vs conventional area, P ¼ 0.25, by median regression with bootstrap standard errors). See Supplementary data available at IJE online for further information.
Consultation rates for selected disease conditions A total of 192 914 consultations occurred at participating GPs during 2005 and 2006 for the 35 828 patients analysed. The distribution of disease conditions among this population of consultations was estimated from the subsample as described above. Standardized gastroenteritis consultation rates for each water supply type for each GP and all GPs combined are shown in Table 1 and presented diagrammatically in Figure 1 .
Ten of the 11 practices had similar standardized gastroenteritis consultation rates in both water supply areas (Figure 1 ), whereas the 11th practice (H) showed a lower rate in the dual reticulation area (OR ¼ 0.58, 95% CI 0.36-0.94, P ¼ 0.027). When data for all the GPs were combined and standardized rates computed for the age and gender profile of the whole study area, there was little difference in gastroenteritis consultation rates between the two water supply areas (OR ¼ 0.97, 95% CI 0.74-1.27, P ¼ 0.84).
The age-and gender-specific consultation rates for all conditions examined for both water supply areas and all GPs combined are shown in Table 2 . Figures 2  and 3 present the results for dermal and respiratory conditions diagrammatically, showing the standardized consultation rates for each individual practice as well as for all practices combined.
For dermal complaints of presumed infectious or allergic origin, increases in standardized consultation rates were observed for the dual reticulation area for two GPs (J and K, Figure 2 ), but with substantial heterogeneity across the practices. The pooled OR for all practices indicated a small increase in rates in the dual reticulation area (OR ¼ 1.20, 95% CI 0.87-1.67, P ¼ 0.27).
Data for respiratory complaints of presumed infectious origin (Figure 3) showed an increase in the standardized consultation rate in the dual reticulation area for one practice (B, Figure 3 ), but with considerable heterogeneity in results across practices. A small difference between the two water supply areas was observed when data for all practices were combined (OR ¼ 1.18, 95% CI 0.97-1.44, P ¼ 0.10). The inter-rater comparison showed good-to-excellent agreement in coding for the three potentially water-related conditions examined (k-statistic 50.59). Only minor differences between the two water supply areas were seen in consultation rates for all practices combined for UTI, musculoskeletal or other conditions (see Supplementary data available at IJE online for details).
Seasonal variation
Seasonal variations in standardized consultation rates for the three plausibly water-related conditions were examined (Table 3) . For gastroenteritis consultations, the lowest rate occurred during summer in the dual reticulation area, and during autumn in the conventional water supply area. There was no consistent relationship between the two areas, with consultation rates for the dual reticulation area being higher than the conventional water supply area in some seasons but lower in others. We currently have no explanation for the lower observed gastroenteritis rate in the recycled water area in summer.
For dermal complaints, consultation rates were lowest in winter for both water supply areas. The highest rate for the dual reticulation area occurred in autumn, whereas for the conventional water supply area the highest rate was in summer. There was no consistent pattern of difference between the two areas. Consultation rates for respiratory complaints were highest in winter and lowest in summer in both water supply areas. Rates were higher in the dual reticulation area across all seasons, with the largest differences between the two areas being seen in spring and autumn, and the smallest difference in summer.
Discussion
Routine surveillance has not detected increased illness levels among residents of dual reticulation developments in Australia; however, surveillance is relatively insensitive and cannot provide the same level of safety assurance as directed health-outcomes research. In this study, we assessed the health status of two populations with differing levels of recycled water exposure by examining the use of primary health-care services. Such events are much more abundant than conditions recorded by disease registries or routine notification systems, although less frequent than cases occurring at the community level. For gastroenteritis, the primary outcome of interest in this study, estimates from a national survey indicate that 20% of community cases in Australia result in a GP consultation. 8 After adjustment for demographic differences and household clustering, we found little difference between water supply areas in overall GP consultation rates or for consultation rates for three medical conditions considered to be plausibly related to exposure Standardization is to the age and gender distribution of the total number of consultations across both areas in each GP (i.e. for each GP, these adjusted rates represent the gastroenteritis consultation rate in each area if that area had the same distribution of age þ gender consultations as the whole practice). Figure 1 Meta-analysis of standardized gastroenteritis consultation rates for GPs. The size of the grey square represents the weight given to the practice in the analysis. Dotted vertical line is the pooled OR. Solid vertical line is OR ¼ 1. I 2 is per cent heterogeneity beyond chance. P-value is P-value for null hypothesis of homogeneity Standardization is to the age and gender distribution of the total number of consultations across both areas in each GP. Note that the standardized rates and ORs are based on different methods of weighting across GPs and therefore do not concur exactly.
to residual pathogens or bacterial endotoxins in recycled water. For gastroenteritis, the overall OR was close to unity (OR ¼ 0.97, 95% CI 0.74-1.27, P ¼ 0.84), indicating no suggestion of increased risk for those living in the dual reticulation area. This conclusion is supported by the observation that consultation rates for gastroenteritis were lowest in this area in the summer season, when ingestion exposure to recycled water is known to be highest due to outdoor water use and non-recommended use in swimming pools.
In the case of dermal complaints, the overall OR was slightly elevated (OR ¼ 1.20, 95% CI 0.87-1.67, P ¼ 0.27). This may be suggestive of an increased risk among residents of the dual reticulation area; however, consultation rates were lower in the dual reticulation area than the conventional water supply area during summer. This is not consistent with increased dermal exposure of residents, which is likely to occur through unauthorized use of recycled water in swimming pools as well as other outdoor activities.
The overall OR for respiratory complaints also showed a slight elevation (OR ¼ 1.18, 95% CI 0.97-1.44, P ¼ 0.10), and consultation rates for this condition were higher in the dual reticulation area across all seasons. However, once again, the pattern of seasonal variation was inconsistent with the known exposure patterns for recycled water. The difference in consultation rates between the two water supply areas was least in summer, when recycled water exposures are highest. Therefore, the elevated ORs seen for dermal and respiratory complaints seem unlikely to be attributable to recycled water exposures.
Rates of GP consultation depend on the underlying frequency of health events, the relative severity of illness and factors that affect an individual's decision to seek medical care. We chose a matched study design that compared disease-condition rates between the water supply areas among patients of the same GP. This design was chosen on the basis of limiting potential biases and the feasibility in terms of available population size and logistics.
Age and gender are important determinants of the frequency and severity of many disease conditions. Differences in demographic composition existed between the two populations as the dual reticulation area was a new housing development with a relatively high proportion of families with young children, Figure 2 Meta-analysis of standardized dermal complaint consultation rates for GPs. The size of the grey square represents the weight given to the practice in the analysis. Dotted vertical line is the pooled OR. Solid vertical line is OR ¼ 1. I 2 is per cent heterogeneity beyond chance. P-value is P-value for null hypothesis of homogeneity whereas the adjacent conventional water supply suburbs were longer established with a more diverse age profile; however, these differences were adjusted for in the statistical analysis. Socio-economic status has a strong influence on the occurrence of disease and the ability to access medical care; however, all suburbs in the study were of high socioeconomic status ranging from the 84th to 99th percentile on the Australian Bureau of Statistics Index of Relative Social Advantage and Disadvantage. 9 Therefore, it is unlikely that socio-economic factors would have differentially affected residents' exposure to non-water risk factors relevant to the disease conditions of interest, or their behaviour in seeking treatment from general practitioners.
Another possibility to be considered is whether the pathogens potentially transmitted by recycled water, in comparison with those acquired by other transmission routes, are more likely to cause mild illness with little impact on rates of GP consultation. Bacterial pathogens from sewage are readily removed during recycled water treatment; however, viral and protozoal pathogens are more persistent. These groups of pathogens include some that are capable of causing moderate to severe symptoms, and would be expected to be represented among GP consultations.
Our study had a number of limitations including incomplete identification of family groups, and potential misclassification of health outcomes due to the variable quality of medical records. There could be some bias due to the non-random selection of practices, if those that did not volunteer either over-or under-diagnosed the illnesses under study. Patients in Figure 3 Meta-analysis of standardized respiratory complaint consultation rates for GPs. The size of the grey square represents the weight given to the practice in the analysis. Dotted vertical line is pooled OR. Solid vertical line is OR ¼ 1. I 2 is % heterogeneity beyond chance. P-value is P-value for null hypothesis of homogeneity our study may also have visited GPs that did not participate in the study, and some may have been counted twice if they visited two different participating GPs. However, we believe these limitations are unlikely to have resulted in any systematic bias between the two water supply areas in the nature and relative distribution of medical complaints analysed in this study. We also did not consider it practicable to conceal the study hypotheses from the research assistants who recorded the data from practice records. Despite this potential for recording bias, we consider it unlikely as the importance of objective coding of medical records according to the guidelines supplied was emphasized during staff training. Epidemiological studies are limited in their ability to detect small differences in disease rates. Although very little difference in gastroenteritis consultation rates was detected in our study (OR ¼ 0.97) between the two water supply areas, the 95% CI was relatively broad (0.74-1.27). A more precise estimate of risk would require a considerable increase in sample size, and this is not currently available due to the small populations currently resident in dual reticulation developments. Despite such limitations, it has been recognized that epidemiological studies can provide valuable information on the possible magnitude of water-related risks, which complements the predictions obtained from risk assessments using modelling approaches such as Quantitative Microbial Risk Assessment. 10 In addition, the outcomes of epidemiological studies that measure actual human health outcomes are generally more readily understood and accepted by members of the public than theoretical modelling approaches to predict disease risks.
Our findings indicate that residents of the Rouse Hill dual reticulation water supply area are not likely to be experiencing elevated rates of adverse health outcomes as a result of their exposure to recycled water. There was no indication of increased risks for gastroenteritis, and although slight elevations in ORs were found for dermal and respiratory complaints, the patterns of seasonal variation were not consistent with known variations in recycled water exposure. It is unlikely, therefore, that the observed differences were attributable to recycled water exposure. The outcomes of this study provide added assurance to water suppliers and health authorities that dual reticulation residential developments, appropriately operated and managed, are likely to be a safe option for future urban water supplies.
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